phylogenetic relationships at different taxonomic levels (Yang et al., 2009) . Scorzonera s.l. is one of the most complicated plant genera with a basic chromosome number of x = 6 and x = 7 (Mavrodiev et al., 2004; Owen et al., 2006) . The taxonomic difficulties are caused by the high morphological variation and presence of different ploidy levels (Mavrodiev et al., 2004) . Although the majority of Scorzonera taxa are diploids, several polyploids and/or polyploid cytotypes are also found in the genus (Nazarova, 1997; Owen et al., 2006) . Although there are several studies on chromosome counts in the genus Scorzonera (Martin et al., 2012) , there are fewer regarding karyotype analysis. Martin et al. (2012) reported that diploid chromosome counts are 2n = 12, 14, and 28 for some Scorzonera taxa. Similarly, De la Guardia and Blanca (1987) reported that the basic chromosome number in the genus is x = 6 and x = 7, and that polyploidy is very important for the evolution of the genus Scorzonera s.l. The most comprehensive cytological study on Scorzonera and related genera was performed by Nazarova (1997) , who reported that karyotype analysis supports sectional delimitation in the genus Scorzonera. Nazarova also indicated that Scorzonera, Podospermum (L.) DC., Epilasia Benth., Tourneuxia Cass., Pterachaenia Lipsch., and Takhtajantha Nazarova are related taxa based on karyotype analysis. She also emphasized that Podospermum should be a different genus from the genus Scorzonera, according to the cytological data.
The aim of the present study was to establish the karyotypes and karyotype asymmetry indices of 32 Scorzonera taxa from Turkey, which have not been studied to date, and evaluate the taxonomic value within Scorzonera s.l.
Materials and methods

Plant materials
Ripe cypselae were collected from natural populations of Scorzonera s.l. in Turkey. Herbarium materials were deposited in the herbarium of Recep Tayyip Erdoğan University, Department of Biology, and Karadeniz Technical University, Department of Biology.
Karyotype analysis
For somatic chromosome study, ripe cypselae were germinated on wet filter paper in petri dishes, which were pretreated in distilled water at 20 ± 1 °C for several days. When cypselae germinated (1-1.5 mm), root tips were initially pretreated for 16 h in α-monobromonaphthalene at 4 °C and then fixed in 3:1 absolute alcohol-glacial acetic acid. The root tips were then hydrolyzed with 1 N HCl for 5 min at 60 °C and stained with 2% aceto orcein for 2 h at room temperature. Stained root tips were squashed in a drop of 45% acetic acid, and permanent slides were made with the standard liquid nitrogen method. The slides were dried for 24 h at room temperature and mounted in DEPEX.
For karyotype analysis, 10 × 100 enlarged photographs were taken using an Olympus BX51 microscope with a Pixera PVC 100C camera attachment. The classification of chromosomes, the length of long and short arms, arm ratio, and relative chromosomal length were measured by software image analyses (Bs200Pro) on a personal computer. Chromosomes were classified using the nomenclature of Levan et al. (1964) . Ideograms of these taxa were arranged in decreasing length (Martin et al., 2009 ).
Karyotype asymmetry
To describe karyotype asymmetry and to determine the karyotypic relationships between species, Huziwara (1962) developed the total form percent (TF%). Arano (1963) developed another karyotype asymmetry index, As K%. Greilhuber and Speta (1976) developed 2 indices to evaluate karyotype asymmetry, which were termed as the Syi index and the Rec index by Venora et al. (2002) . Zarco (1986) provided a different method to measure karyotype asymmetry, the intrachromosomal asymmetry index (A1) and the interchromosomal asymmetry index (A2). Watanabe et al. (1999) defined the degree of asymmetry for karyotypes (A).
Furthermore, Stebbins (1971) distinguished 12 categories of karyotype asymmetry, only 10 of which were known to occur in higher plants. He established these by recognizing 3 degrees of difference (A-C) between the largest and smallest chromosome of the complement and 4 degrees (1-4) with respect to the proportion of chromosomes that are median pairs with an arm ratio of <2:1.
Based on the karyological data, a cluster analysis was carried out to examine karyotype similarity among the species. Statistical analysis was carried out using Microsoft Office Excel 2010.
Results
In the present study, we evaluated the results for subgenera Scorzonera, Podospermum, and Pseudopodospermum. In this cytogenetical study we determined the chromosome morphology of Scorzonera taxa (Table 1 ). The chromosome morphology shows important differences among taxa in the subgenera of Scorzonera. In subgenus Scorzonera, the smallest chromosome length (1.88 µm) was observed in S. ahmet-duranii. The largest (9.63 µm) was observed in S. karabelensis. Regarding haploid chromosome length, S. davisii (15.63 µm) was shortest and S. longiana (46.06 µm) was longest. The smallest arm ratio was observed in S. violacea (1.03) and the largest was observed in S. sublanata (2.70). The smallest relative length value was measured in S. latifolia var. latifolia (5.93) and the largest relative value was measured in S. lasiocarpa (31.26). The metaphase chromosome pairs were usually of the median and submedian type. In this study, the karyotype formulae were 5 m + 1 sm for S. cinerea, S. acuminata, S. dzhawakhetica, S. karabelensis, S. rigida, S. pisidica, S. davisii, S. lasiocarpa, S. pygmaea, S. sericea, and S. ulrichii ; 6 m + 1 sm for S. boissieri, S. longiana, and S. amasiana; 4 m + 2 sm for S. sublanata, S. sandrasica, S. tuzgoluensis, and S. aucheriana; 6 m for S. seidlitzii; 7 m for S. ahmet-duranii and S. violacea; and 12 m for S. latifolia var. latifolia.
In subgenus Podospermum, the shortest chromosome length (1.58 µm) was observed in S. laciniata subsp. calcitrapifolia. In contrast, the longest (7.23 µm) was observed in S. armeniaca. Concerning haploid chromosome length, S. laciniata subsp. calcitrapifolia (13.44 µm) was shortest and S. armeniaca (41.97 µm) was longest. The smallest arm ratio was observed in S. laciniata subsp. calcitrapifolia (1.02) and the largest was observed in S. cana var. radicosa (1.90). The smallest and largest relative length values were measured in S. cana var. alpina (10.14 and 20.71). The karyotype formulae were 7 m for S. armeniaca, S. laciniata subsp. calcitrapifolia, and S. hieraciifolia, and 6 m + 1 sm for S. cana var. radicosa, S. cana var. alpina, and S. cana var. cana.
In subgenus Pseudopodospermum, the smallest and largest chromosome length (2.62 µm and 8.29 µm) was observed in the taxon S. semicana. The largest haploid chromosome length, 75.02 µm, was found in S. semicana. The smallest arm ratio was observed in S. semicana (1.07), and the largest was observed in S. inaequiscapa (1.71). The smallest relative length value was measured in S. semicana (3.49) and the largest relative value was measured in S. suberosa (18.98). The karyotype formulae were 7 m for S. suberosa and S. mollis subsp. szowitzii, 14 m for S. semicana, and 6 m + 1 sm for S. inaequiscapa.
Discussion
In the present study, 22 taxa belonging to subgenus Scorzonera, 15 of which are endemic to Turkey, were investigated. The basic chromosome number was determined as x = 6 and x = 7; x = 6 is widespread for subg. Scorzonera. In subgenus Podospermum, 6 taxa were investigated, one of which is endemic to Turkey. The basic chromosome number was determined as x = 7 for all taxa in subg. Podospermum. In subgenus Pseudopodospermum, 4 taxa were studied, 3 of which are endemic to Turkey. The basic chromosome number was determined as x = 7 for all taxa in subg. Pseudopodospermum.
Chromosome number is an important indicator for cytotaxonomy in Scorzonera. Coşkunçelebi et al. (2015) reported that S. hieraciifolia (x = 7) should be transferred to subgenus Podospermum (x = 7), based on morphological, anatomical, and other studies. Chromosome number is in accordance with the basic chromosome number of Podospermum and thus supports this opinion. Furthermore, according to this revisional study, S. inaequiscapa (x = 7) and S. semicana (x = 7) should also be transferred under the subgenus Pseudopodospermum (x = 7). The basic chromosome numbers of these 2 taxa also support the transfer of the last 2 taxa under the subgenus Pseudopodospermum (Coşkunçelebi et al., 2015) . In our study, chromosome numbers of 32 Scorzonera taxa were reported. These numbers are 2n = 12, 14, 24, and 28, which are detailed in the results. In addition, Martin et al. (2012) reported the chromosome numbers of 13 Scorzonera taxa as 2n = 12, 14, and 28. These are 2n = 14 for Scorzonera laciniata L. subsp. laciniata, S. cana var. jacquiniana (W.Koch) Chamb., S. suberosa C.Koch subsp. suberosa, S. mollis M.Bieb. subsp. mollis, S. papposa DC., S. lacera Boiss. & Bal., S. elata Boiss., and S. parviflora Jacq.; 2n = 28 for S. phaeopappa (Boiss.) Boiss.; and 2n = 12 for S. eriophora DC., S. pseudolanata Grossh., S. tomentosa L., and S. kotschyi Boiss. Dinç et al. (2008) reported the chromosome number and determined the karyotype of S. argyria Boiss. This study reported the chromosome number as 2n = 12. Hamzaoğlu et al. (2010) reported the chromosome number of Scorzonera ketzkhowelii Grossh as 2n = 12. Chromosome numbers of many taxa belonging to Scorzonera have been studied and published previously. According to these reports, the chromosome numbers of Scorzonera vary between 2n = 12 and 2n = 42. The frequency of chromosome numbers for Turkey is given in Figure 4 .
According to Martin et al. (2012) , the karyotype formulas reported were 3 m + 4 sm for S. laciniata subsp. laciniata; 4 m + 3 sm for S. cana var. jacquiniana; 5 m + 2 sm for S. suberosa subsp. suberosa, S. elata, and S. parviflora; 7 m for S. mollis subsp. mollis, S. papposa, and S. lacera; 13 m + 1 sm for S. phaeopappa; 5 m + 1 sm for S. eriophora, S. pseudolanata, and S. kotschyi; and 3 m + 3 sm for S. tomentosa. S. laciniata subsp. laciniata had the shortest chromosome length at 1.20 µm, while S. eriophora had the longest chromosome length at 7.63 µm. S. laciniata subsp. laciniata had the shortest haploid chromosome length (11.44 µm), while S. phaeopappa had the longest (38.28 µm). The lowest arm ratio value was obtained from S. kotschyi (1.00) and the highest from S. laciniata subsp. laciniata (2.73). In terms of relative length, S. phaeopappa had the lowest value (4.48), while S. kotschyi had the highest (28.56). Dinç et al. (2008) determined the karyotype of S. argyria; total chromosome length varied between 3.52 and 8.36 µm. In addition, arm ratios were determined as 1.28 µm, which was lowest, and 1.87 µm, which was highest. Total haploid chromosome length was calculated as 31.07 µm.
The concept of karyotype asymmetry is typified by a karyotype marked by the predominance of chromosomes with terminal/subterminal centromeres (intrachromosomal asymmetry) and by highly heterogeneous chromosome sizes (interchromosomal asymmetry) (Peruzzi and Eroğlu, 2013) . The karyotype asymmetry index is a good expression of the general morphology of plant chromosomes. It would therefore be advantageous to have a uniform system whereby the karyotypes of related genotypes and species could be compared (Paszko, 2006) . Karyotype asymmetry indices were estimated by different methods in this study (Table 2) .
When we compare the karyotype asymmetry in subgenus Scorzonera according to Stebbins's (1971) classification, S. violacea and S. ahmet-duranii are classified to symmetry class 1A, indicating the most symmetrical karyotype features. On the other hand, S. sericea is classified to symmetry class 3A, indicating the most asymmetrical karyotype features. S. seidlitzii is in class 1B, S. cinerea and S. longiana are in class 2A, and S. sublanata is in class 2B. According to Stebbins's (1971) classification, S. seidlitzii has a more symmetrical karyotype than S. cinerea and S. longiana, and S. sublanata is more asymmetrical than the others. We can say that 3A is more asymmetrical than 1A and that 2B is more symmetrical than 2C, but we cannot determine which members of class 1A have higher symmetry; Stebbins's classification does not clarify this situation. Thus, we used other indices to determine the most symmetrical or asymmetrical karyotype. The TF% and Syi-Rec values decrease with increasing asymmetry, while the As K %, the A1-A2, and the A values increase with increasing asymmetry (Zuo and Yuan, 2011; Eroğlu et al., 2013) . When we compare S. violacea and S. ahmetduranii based on these indices, S. ahmet-duranii has the most symmetrical karyotype and S. sericea has the most asymmetrical karyotype in subgenus Scorzonera. The TF%, As K%, Syi, A1, and A indices are more definitive than Stebbins's classification. In subgenus Podospermum, when we compare the karyotype asymmetry according to Stebbins's classification, S. armeniaca, S. laciniata subsp. calcitrapifolia, and S. hieraciifolia In subgenus Pseudopodospermum, S. suberosa subsp. cariensis has the most symmetrical karyotype and S. inaequiscapa has the most asymmetrical karyotype. For Scorzonera taxa belonging to 3 subgenera, the scatter diagram of population dispersion was determined based on 2 components (A1-A2) ( Figure 5 ). In conclusion, the present study defined and evaluated the karyotypic features of 32 Scorzonera taxa. The relationships among Scorzonera taxa were also determined, based on karyomorphological characters and karyotype symmetry indices.
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